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Abstract The incorporationof biomarkers into the drugdevelopment processwill improveunderstandingof
hownew therapeuticswork andallow formore accurate identificationof patientswhowill benefit
from those therapies. Strategically plannedbiomarker evaluations inphase II studies may allow for
the designofmore efficient phase III trials andbetter screeningof therapeutics for entry intophase
III development, hopefully leading to increased chances of positive phase III trial results. Some
examples of roles that a biomarker can play in a phase II trial include predictor of response or re-
sistance to specific therapies, patient enrichment, correlative endpoint, or surrogate endpoint.
Considerations for using biomarkers most effectively in these roles are discussed in the context
of several examples. The substantial technical, logistic, and ethical challenges that can be faced
when trying to incorporate biomarkers into phase II trials are also addressed. A rational and coor-
dinated approach to the inclusion of biomarker studies throughout the drug development process
will be the key to attaining the goal of personalized medicine.

It is widely believed that incorporation of biomarkers into the
drug development process will improve understanding of how
new therapeutics work and allow for more accurate identifica-
tion of patients who will benefit from those therapies. Many
aspects of the conduct of phase II trials might be considered
when evaluating how trials might be made more efficient and
successful (1), but this article specifically discusses the benefits
and challenges of incorporating biomarkers into phase II cancer
clinical studies. The term biomarker will be understood to
mean ‘‘a characteristic that is objectively measured and
evaluated as an indicator of normal biological processes,
pathogenic processes, or pharmacologic responses to a thera-
peutic intervention’’ (2). Biomarkers may be measured by
laboratory assays on a variety of specimens, including, for
example, tumor tissue, whole blood, plasma, serum, bone
marrow, or bodily fluids such as urine. The biomarkers may
be tumor-based or may measure host characteristics such as
germ-line DNA mutations or polymorphisms. In addition,
biomarkers may be assessed using molecular imaging tech-
niques in vivo (3). There are many different roles that a bio-
marker can play in a phase II trial. Some roles discussed in
this article include predictor of response or resistance to
specific therapies, patient enrichment, correlative endpoint, or
surrogate endpoint.

The use of biomarkers is particularly appealing for molecu-
larly targeted therapies, as it seems likely that obtaining

biomarker measurements associated with the target may be
helpful in evaluating those treatments. For example, the target
of interest might be a protein, the therapy could be a
monoclonal antibody directed at that protein, and the
biomarker measurement might be the expression level of that
protein. Striking examples of biomarkers that had a pivotal role
in development of new therapies over the last decade include
HER-2 protein overexpression or gene amplification for
trastuzumab therapy in breast cancer and BCR-ABL fusion
product for imatinib mesylate therapy in chronic myelogenous
leukemia (4). Although inclusion of biomarkers into phase II
trials appears highly attractive from a scientific perspective,
inclusion of biomarker studies can also present substantial
technical, logistic, and ethical challenges. Ultimately, the hope
is that rational inclusion of biomarkers into phase II trials will
lead to a higher success rate and more efficient design of phase
III trials while avoiding premature abandonment of useful
therapies at the phase II development stage.

Predictive and Enrichment Biomarkers

A predictive biomarker is a measurement associated with
response or lack of response (e.g., resistance) to a particular
therapy (5). Biomarkers of toxicity could also be viewed as a
type of predictive biomarker for which the prediction is for
harm that is to be avoided. Perhaps the best-known predictive
biomarker is estrogen receptor status for prediction of response
to endocrine therapy for breast cancer. Estrogen receptor-
negative breast tumors are unlikely to respond to endocrine
therapy, whereas a substantial percentage of estrogen receptor-
positive breast tumors will respond to endocrine therapy. For
molecularly targeted therapies, biomarkers related to the target
are natural candidates for predictive biomarkers. Ideally, one
would like to have some knowledge of potential predictive
biomarkers before testing a new therapy in phase II trials, but
often a predictive biomarker will not be clearly identified or
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there will not be a suitably well-developed assay available for
measuring the biomarker at the start of a phase II trial.

If information is available to suggest subgroups of patients
who are more likely to benefit from a therapy, it may be
reasonable to conduct the phase II trial only in those
patients. Factors used to limit the study population to
patients believed more likely to benefit from the experimen-
tal therapy are termed enrichment factors. Enrichment factors
may be predictive biomarkers, or they may be biomarkers or
clinicopathologic characteristics (such as squamous cell lung
cancer for pemetrexed) or demographic characteristics (such
as females and never-smokers with lung adenocarcinoma for
epidermal growth factor receptor inhibitor therapy) associat-
ed with a predictive biomarker or with the target of a
therapeutic agent. The enrichment factors considered in this
article are assumed to be biomarker-based. The lower the
proportion of truly benefiting patients, the more advanta-
geous it is to consider studying an enriched population (6)
even if the enrichment biomarker can only approximately
identify the benefiting patient group. Biomarkers that could
be useful as enrichment biomarkers during the drug
development process might still need further refinement
before they are ready for clinical use as predictive factors.
This is because many enrichment biomarkers used in drug
development do not have sufficiently high positive or
negative predictive value to justify clinical use or the assay
used to measure the biomarker during the drug development
process might not be sufficiently robust and reproducible for
routine clinical use. The main purpose of using an
enrichment biomarker in drug development is to improve
the chances that the drug will show benefit in the tested
subgroup of patients to more quickly establish that the drug
is worth pursuing further. Once it has been shown that there
is some group of patients who benefit, the enrichment
biomarker and its assay can be further developed into a
clinically useful predictive biomarker test.

Trastuzumab is an example of a targeted therapeutic for
which enrichment strategies were used in the clinical develop-
ment process. Trastuzumab is a monoclonal antibody that
targets the HER-2/neu receptor. Preclinical studies (7, 8)
provided evidence that trastuzumab was most likely to be
effective against tumor cells that overexpressed the HER-2/neu
receptor. Pivotal phase II studies of trastuzumab as mono-
therapy in patients with metastatic breast cancer (9, 10)
required evidence of HER-2 overexpression by immunohisto-
chemistry for eligibility and this enrichment strategy was
maintained in subsequent clinical trials evaluating trastuzumab
in other settings. Further studies suggested that HER-2 gene
amplification as measured by fluorescence in situ hybridization
may be a more reliable indicator of benefit from trastuzumab
therapy (11). Given that the positivity rate for HER-2
(immunohistochemistry 3 positive or fluorescence in situ
hybridization positive) is f25% to 30%, the benefit of
trastuzumab might not have been detected in metastatic
patients had the drug development occurred in a nonenriched
(all comers) setting. When trastuzumab was tested in the
adjuvant setting, the patient population was also enriched for
patients whose tumors were immunohistochemistry 3 positive
or fluorescence in situ hybridization positive. Interestingly, a

current controversy is whether the benefit of trastuzumab
delivered as adjuvant therapy is limited to this enriched group
of patients or whether patients with tumors that are immuno-
histochemistry 1 or 2 positive without amplification (HER-2-
low) might also derive some benefit from trastuzumab (12).
Should further studies confirm that HER-2-low patients benefit
from trastuzumab in the adjuvant setting, possible explanations
would include variations in assay methodology or alternative
mechanisms of action of trastuzumab in early-stage disease.

The story of epidermal growth factor receptor targeting agents
is far more confusing than the story of HER-2 and trastuzumab
(4). Small-molecule inhibitors and the monoclonal antibodies
targeting epidermal growth factor receptor have been studied in
several cancers, with a wide range of results both for the
effectiveness of the treatment and for biomarkers that predict
treatment benefit. In colorectal cancer, for example, the
monoclonal antibody cetuximab has been shown to have
clinical benefit, but there is no clear association between
epidermal growth factor receptor overexpression (as measured
by immunohistochemistry) and benefit. In contrast, the
presence of certain activating KRAS mutations may confer
resistance to cetuximab through dysregulation of downstream
signaling pathways (13).

In some instances, the putative target of the agent in early
clinical testing is found to be wrong. Thus, using this target as a
biomarker would lead to major errors in the development of
that agent. A recent example is sorafenib, which was originally
developed and tested as an inhibitor of the kinase activity of
c-Raf but was later found to be an inhibitor of the kinase
activity of angiogenic receptors, particularly, vascular endothe-
lial growth factor receptors (14). Misspecification of a target
biomarker can have significant consequences. If an agent truly
benefits all patients equally without regard to target biomarker
status, then studying only those patients whose tumors are
positive for the biomarker will only slow accrual to trials and
increase expense while producing no improvement in the
chance of detecting a benefit of the new therapy and
unnecessarily limiting the size of the patient population offered
the agent. If an agent benefits a certain subset of patients but
the wrong subgroup of patient is studied because of a faulty
biomarker, then a good agent could mistakenly be abandoned
in the drug development process. These examples show the
potential pitfalls in pursuing enrichment strategies when the
biological pathways and mechanism of action of the therapeu-
tic agent are not well understood.

Economic considerations will likely play a role in determin-
ing how biomarkers will be used in the drug development
process. Assay development, biomarker screening for trial entry,
and eventual market size for the drug all have cost implications.
If the proportion of patients identified by an enrichment
biomarker as having an increased likelihood of benefiting from
the therapy is large, 85% or 90% of the general patient
population, it might not be cost-effective to spend the time or
resources to develop a biomarker assay for enrichment in phase
II trials. In contrast, if the proportion of patients judged likely
to benefit is modest, it may be essential to have in place a
reasonably well-developed assay at the phase II trial stage even
if the magnitude of benefit for that minority group of patients is
fairly large or a beneficial therapeutic may be overlooked in
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a trial that includes all patients. The total sample size required
for an enriched trial (number of subjects screened for eligibility
using the biomarker) compared with the sample size required
for a similar trial design without enrichment will depend on
the proportion of patients in the enriched subgroup and the
magnitude of treatment benefit in that enriched subset. The
goal at the end of the drug development process is to have a
drug that works in some group of patients and to be able to
reasonably accurately identify that group of benefiting patients.
Decisions that have to be made during the development
process include whether an enrichment or predictive biomarker
is needed at all and, if needed, at what point resources should
be committed to refining an enrichment biomarker assay into a
clinically usable predictive biomarker test. There exists a tension
between the goal of rapid therapeutic development and the
goal of developing a reasonably robust and accurate assay that
will be useful for identifying individual patients who will or
will not benefit from a particular therapy.

Biomarker-Based Correlative Endpoints

It has proven very difficult to establish robust clinical trial
endpoints based on biomarkers. The terms surrogate and
surrogate endpoint have been intentionally avoided up to this
point in this article because these terms are widely misunder-
stood and misused (15). A perfect trial-level surrogate endpoint
would be one for which the surrogate (e.g., biomarker) could
be substituted for a definitive trial endpoint in a new trial and
that trial would reach the same conclusion regarding treatment
effect (16). To make this assessment, usually a meta-analytic
approach is needed where data are analyzed from a series of
trials in which both the putative surrogate endpoint and the
definitive trial endpoint were measured. The series of trials
allows for proper inference about whether the surrogate
endpoint could be used reliably in a new trial conducted in a
similar patient group, with therapies having mechanisms of
action similar to the therapies used in the previous trials.
Although substitution of endpoints rarely will be perfect,
several investigators have proposed methods for quantifying
the reliability of the substitution such as R2-type measures (17)
or plots of within-trial treatment arm differences of the
definitive trial endpoint versus within-trial treatment arm
differences of the surrogate variables (16 – 19). In many
situations, there would not be sufficient data from previous
trials to even attempt to formally verify trial-level surrogacy
using such a meta-analytic approach. Moreover, the results may
be very specific to a particular class of therapeutic agents and to
a specific patient population. An example is the diminution of
the standard uptake value on fluorodeoxyglucose-positron
emission tomography scanning of patients with gastrointestinal
stromal tumors after therapy with imatinib (3). Response to
imatinib therapy and clinical benefit appear highly associated
with early, and often dramatic, changes in tumor metabolism as
measured by fluorodeoxyglucose-positron emission tomogra-
phy, but traditional tumor response measures based on
computed tomography scans may lag far behind the fluoro-
deoxyglucose-positron emission tomography indicators. In
contrast, computed tomography-based measurements may be

more relevant to assessing response to conventional cytotoxic
therapies.

It is important to distinguish the notion of trial-level
surrogacy from the notion of individual-level surrogacy in a
specific trial. For individual-level surrogacy in a specific trial,
it needs to be established that the surrogate can be
reasonably substituted for the definitive endpoint for the
patients in that specific trial without changing the conclusion
regarding treatment effect. For example, the well-known
Prentice criteria (20) are often applied to the situation of
establishing individual-level surrogacy in the context of a
single trial. This does not provide direct evidence, however,
that the surrogacy would hold in a broader population of
trials, such as for a trial one might be planning that involves
a new therapy. Only if the biology of the surrogate
biomarker and the mechanism of action of the drug of
interest are so well understood that it can be asserted that the
action of the new drug on the definitive endpoint is entirely
mediated through the surrogate endpoint can one confidently
substitute the surrogate endpoint for the definitive endpoint
in the absence of empirical evidence from a series of trials.
For these reasons, evaluating a first-in-class therapeutic using
a surrogate endpoint previously established in a different
setting can be especially risky.

Despite the difficulties in establishing that a biomarker is a
reliable surrogate endpoint, biomarker measurements made
during and after therapy may still be helpful in understand-
ing how a therapy is interacting with its target or may give
earlier indication of the likely effectiveness of a therapy than
more traditional clinically based outcome measures, particu-
larly in the setting of cytostatic agents. Even if the biomarker
endpoints do not replace more conventional clinical end-
points in phase II trials, they might, for example, be useful as
early indicators of treatment efficacy that could be used in
the conduct of phase II screening trials (21, 22). Biomarker-
based endpoints that are useful despite a lack of sufficient
data to formally establish surrogacy will be termed correlative
endpoints.

The use of prostate-specific antigen (PSA) in advanced
prostate cancer illustrates some of the difficulties in establish-
ing and using biomarker-based correlative endpoints. For
metastatic castrate-resistant prostate cancer, PSA measures
have been recommended and widely used in phase II trials
(23), but substantial skepticism remains (24). For example,
different studies have suggested different cutoffs for percent
decline in PSA to best correlate with overall survival benefit,
and the situation has become even more confusing with the
increasing numbers of targeted agents being evaluated in
phase II clinical trials. Targeted agents may affect different
cancer cell subpopulations. Some targeted agents modulate
PSA and others do not, and the change in PSA may or may
not correlate with degree of clinical benefit as measured by a
definitive endpoint such as overall survival. For example,
finasteride is well known to profoundly lower PSA, but it is
not an effective treatment for prostate cancer (25). Therefore,
PSA should not be considered a broadly validated surrogate
endpoint.

In response to continued questions about the use of PSA
endpoints, a working group was formed to review issues of
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design and endpoints for clinical trials for patients with
progressive castrate-resistant prostate cancer (26). The working
group report issued further cautions in using PSA-based
endpoints and recommended shifting emphasis to time-to-
event endpoints (failure to progress), particularly for non-
cytotoxic therapies. These concerns do not imply that PSA
measurements have no value when conducting prostate cancer
clinical trials. Elevated PSA levels are an established indicator
for worse prognosis and rapid PSA doubling time may be an
early indicator of treatment ineffectiveness. It will be important
to continue to record PSA measurements in prostate cancer in
a consistent way to amass data that might eventually provide
the information needed to better evaluate the usefulness of
PSA-based endpoints in a broad range of treatment contexts.

There are several other examples of biomarkers that have
shown promise for use either as correlative endpoints or as part
of composite endpoints combining biomarker measurements
with a clinical endpoint. A series of studies have suggested that
CA-125 may be useful as a response indicator in clinical trials
in advanced ovarian cancer (27– 30). Several types of bio-
markers have shown promise as response indicators for
antiangiogenic agents. These include growth factors or soluble
growth factor receptors in blood or urine, circulating endothe-
lial cells, circulating endothelial progenitor cells, and noninva-
sive imaging measurements (31). Such endpoints are especially
important for antiangiogenic agents because many antiangio-
genic agents are cytostatic, making traditional measures of
tumor shrinkage unreliable indicators of agent activity or
clinical benefit. Validation of these biomarkers, however, with
respect to both the analytic properties of the assays used to
measure them and the clinical value of those assay results,
needs to be done before they can be widely used in clinical
decision-making.

Biomarker-Based Phase II Trial Designs

A variety of trial designs are used for phase II inves-
tigations. Historically, single-arm trials using objective re-
sponse rate as the endpoint have been widely used for
cytotoxic agents, but randomized phase II study designs are
increasingly being proposed (32) and used. For evaluation of
molecularly targeted agents, a variety of novel designs have
been suggested (33). A main goal of incorporating bio-
markers into phase II studies of molecularly targeted agents is
to determine if the new drug should be developed for all
patients without patient selection or whether it should be
developed for a biomarker-defined patient subset only.
Definitive comparison of the new drug with existing
therapies (with or without enrichment of the patient
population using the biomarker) is accomplished in phase
III trials and will not be addressed in this article. Presented
here are brief remarks on a few phase II designs that have
been proposed that specifically incorporate biomarker-based
subgroups for testing for response from a new therapeutic.
More extensive discussions of specific phase II design
strategies and endpoints are discussed elsewhere (21, 22).

One must be cautious in using traditional single-arm trial
designs, for example, the commonly used Simon two-stage
design (34), when examining biomarker-defined subgroups of
patients. Single-arm trials with tumor response endpoints rely
on the ability to specify a benchmark response rate that a new
agent must exceed to make it of sufficient interest to warrant
further study. These benchmark response rates are generally
based on prior experience in unselected patients receiving
standard therapies. If an enrichment strategy is used to
determine eligibility for the trial, it is important to recognize
the possibility that the enrichment characteristics could be

Table 1. Effect of enrichment for biomarker-positive cases on the probability of falsely concluding that a new
therapy increases the response rate when a single-arm phase II study is designed using assumptions from an
unselected population

Historical response
rate in the unselected
population (%)

Historical response
rate in the subpopulation
enriched for biomarker-
positive cases (%)

Sample size No. observed responses
required to conclude
that the response rate
is increased by the
new therapy

Actual probability
of falsely concluding
that the new therapy
increases the response
rate in the enriched
subpopulation

10 15 30 6 0.29
10 20 30 6 0.57
20 25 36 11 0.27
20 30 36 11 0.53
30 35 39 16 0.26
30 40 39 16 0.51

NOTE: Single-arm phase II studies are typically designed to test against benchmark historical response rates in the range of the example rates
provided in column 1. When the historical response rate in the subpopulation enriched for biomarker-positive cases is unknown, it is often
assumed to be the same as in the unselected population. Column 2 presents the (unknown) historical response rate in the subset of patients
who are positive for the biomarker. Sample size (column 3) and required observed response rate (column 4) are calculated to satisfy two
conditions: (a) control the probability of falsely concluding that the true response rate has been increased from the historical rate in the
unselected population to be V0.10 and (b) provide at least 0.90 probability of concluding that the new therapy has increased the response rate
when the new therapy has a true response rate that represents an absolute increase of 20% compared with the historical response rate in the
unselected population.
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prognostic. Patients in the enriched group might be more or
less likely to respond to any type of therapy than the general
population of patients. This implies that the benchmark
response rate for an enriched trial might require adjustment
accordingly. Unfortunately, the biomarkers that define the
enriched subgroup may never have been measured in historical
patient cohorts. To obtain these revised benchmark estimates of
response rate might require retrospectively performing the new
biomarker assays on archived specimens from patients who
received standard therapies. The calculations presented in
Table 1 show how misleading the results of a single-arm phase
II trial based on testing against a benchmark response rate can
be when the benchmark response rate is inappropriate for the
enriched study population. (A single-stage design is considered
for simplicity.) For example, consider a situation in which the
historical response rate in an unselected population is 20% and
a single-arm phase II study is designed to test whether a new
therapy yields an improved response rate. The sample size is
calculated so that there will be at least 0.90 probability of
concluding that the new therapy has a response rate >20% if the
true response rate is actually 40%. The statistical test that will be
done at the end of the study will have probability no more than
0.1 of concluding that the new therapy response rate is >20%
when, in truth, it is not. Now, if an enriched subpopulation is
studied and the historical response rate with standard therapy

(or no therapy) in this subpopulation is 30% rather than the
assumed 20%, then there will be 0.52 probability of concluding
that the new therapy yields an improved response rate when it
really does not offer an improvement for that enriched
subpopulation. In situations where there are no active agents
currently available for the patient group under study, a single-
arm phase II study with response endpoint might still be very
appropriate because even modest activity of the agent in the
enriched subgroup might warrant further investigation of the
agent.

A biomarker-adaptive parallel Simon two-stage design has
recently been proposed for the evaluation of a targeted
agent that it is thought might have different activity (response
rate) in subgroups defined by biomarker positive versus
negative (35). The design assumes that the biomarker is
prespecified. The investigators discuss running two parallel
two-stage designs, one in each of the biomarker-positive and
biomarker-negative groups, and then propose an adaptive
parallel design. The adaptive parallel two-stage design initially
begins with two parallel studies, one conducted in N -

1

biomarker-negative subjects and the other conducted in N+
1

biomarker-positive subjects. The design continues enrolling
Nun unselected subjects during the second stage if the number
of responses to the drug in the biomarker-negative group in the
first stage, X -

1, meets or exceeds a cutoff of k -
1. The design enrolls

Fig. 1. Schema of the adaptive parallel
two-stage design. In the first stage of the
design, N-

1 biomarker-negative (NEG)
subjects and N+

1biomarker-positive
(POS) subjects are studied. If the number
of responses to the drug in the
biomarker-negative group in the first stage,
X-
1, meets or exceeds a cutoff of k-1, thenNun

unselected subjects are accrued during
the second stage. If X-

1is less than k-1but
the number of responses in the
biomarker-positive group in the first stage,
X+
1, meets or exceeds a cutoff of k+1, then

the design enrolls N+
2 additional

biomarker-positive subjects during
the second stage and no further
biomarker-negative subjects are accrued. A
total of N+ and N- biomarker-positive
and biomarker-negative subjects,
respectively, will have been enrolled by the
end of the second stage. A total of X+

T

(biomarker-positive group) and X-
T

(biomarker-negative group) responders will
have been observed.To determine drug
benefit, total responses X+

T and X-
T are

compared against cutoffs k+ and k- if
unselected patients continued to be
enrolled during the second stage or X+

T is
compared against the cutoff k+2 if only
biomarker-positive subjects were enrolled in
the second stage.The trial stage- and
group-specific samples sizes N-

1, N
+
1, N

un,
N+

2 and cutoffs k-1, k
+
1, k

-, k+, k+2 are
determined so that they control the
probability of correct conclusions in the
biomarker-positive and unselected patient
groups. Adapted fromJones CL and
Holmgren E. An adaptive Simon two-stage
design for phase 2 studies of targeted
therapies. Contemp ClinTrials
2007:28;654^61, with permission from
Elsevier.
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N+
2 additional biomarker-positive subjects during the second

stage and no further biomarker-negative subjects if the number
of responses in the biomarker-negative group fails to attain the
cutoff k -

1, whereas the number of responses in the biomarker-
positive group in the first stage, X+

1, meets or exceeds a cutoff of
k+

1. A total of N+ and N -, biomarker-positive and biomarker-
negative subjects, respectively, will have been enrolled by the
end of the second stage. A total of X+

T (biomarker-positive
group) and X -

T (biomarker-negative group) responders will have
been observed. To make final conclusions regarding efficacy,
total responses X+

T and X -
T are then compared against cutoffs

k+ and k - if unselected patients continued to be enrolled during
the second stage or X+

T is compared against the cutoff k+
2 if only

biomarker-positive subjects were enrolled in the second stage.

The trial stage- and group-specific samples sizes N -
1, N+

1, Nun,
N+

2 and cutoffs k -
1, k+

1, k -, k+, k+
2 are determined so that they

control the probability of correct conclusions in the biomarker-
positive and unselected patient groups. An example trial
schema is presented in Fig. 1. The adaptive design can result
in a reduction of expected sample size compared with the
nonadaptive two parallel designs. Both adaptive and nonadap-
tive designs require specification of appropriate benchmark
response rates in each of the biomarker-defined subgroups,
which may be difficult to specify for reasons already discussed
for the standard single-arm trial in an enriched patient
population.

Pusztai et al. (36) proposed a tandem two-step phase II trial
design that incorporates a prespecified pharmacogenomic

Fig. 2. Schema of the tandem two-step
phase II predictor biomarker evaluation trial
design. In the first stage, a group of patients
unselected with regard to biomarker status
(all comers) is studied. If sufficient numbers
of objective responses are observed in the
first stage, then the study continues into the
second stage, still accruing unselected
patients. If the number of responses
observed in the first stage is not sufficiently
high, then the study continues accruing
only patients in the subgroup predicted by
the pharmacogenomic classifier to be
responders; study termination is governed
by a standard optimal two-stage phase II
trial design in that subgroup of patients
predicted to be responders. Adapted with
permission from Pusztai et al. (Fig. 3).
Pharmacogenomic predictor discovery in
phase II clinical trials for breast cancer. Clin
Cancer Res 2007:13;6080^6.

Table 2. Principles to guide the inclusion of biomarkers in the drug development process

Stage in drug
development process

Recommendation

Preclinical Conduct comprehensive preclinical studies aimed at reliably identifying the drug target and developing a
robust biomarker coupled with a sufficiently reliable and reproducible assay. At this point, efforts should
be directed at developing an analytically validated assay for the biomarker.

Phase I Incorporate the biomarker in phase I testing with the goal of better characterizing the biomarker and assay
performance in human samples.

Phase II The biomarker should be incorporated into trials for hypothesis testing. Questions of whether use of the
biomarker is likely to inform treatment decisions by identifying populations likely to respond or whether
it may be useful as a surrogate or correlative endpoint can be preliminarily assessed. To achieve this,
larger and more complex phase II designs, including randomized designs, may be needed.

Phase III Once the biomarker assay is analytically validated for use on clinical specimens, an indication of efficacy in
phase II testing will allow for the design of a phase III trial that will lead to clinical validation and eventually
incorporation of the biomarker into clinical use.
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predictor of response. The trial schema is presented in Fig. 2.
The initial stage of the study is carried out in an unselected
group of patients. If sufficient numbers of objective responses
are observed in the first stage, then the study continues into the
second stage to more fully characterize the response rate in
unselected patients. If the number of responses observed in the
first stage is not sufficiently high, then the study continues
accruing only patients in the subgroup predicted by the
pharmacogenomic classifier to be responders; study termina-
tion is governed by a standard optimal two-stage phase II trial
design in that subgroup of patients predicted to be responders.
The investigators stress the importance of having the pharma-
cogenomic predictor completed specified (fully defined, in-
cluding cutoff values for defining positive or negative) before
the initiation of the trial. It is assumed that this predictor could
be derived using cell line models or other preclinical data or
perhaps using archived specimens obtained from patients who
had received the same or similar treatment. It may be
challenging to develop a predictor from these other types of
studies that transfers readily and performs well in the phase II
trial. Moreover, based on some simulations studies, Pusztai et
al. (36) expressed skepticism that pharmacogenomic response
biomarkers would be successfully discovered using high-
throughput gene expression profiling embedded within a
typical phase II study due to small sample size with few
responses and the problems of multiplicity and noise associ-
ated with high-throughput technologies. Despite the skepticism
about discovery of tumor-based biomarkers for predicting
response in phase II trials, phase II trials remain a viable setting
for early testing of prespecified candidate tumor-based bio-
markers for predicting response or for evaluation of germ-line
DNA-based markers of toxicity or tumor response suggested by
known biological pathways or mechanisms.

Specimen Collection for BiomarkerAnalyses

Enthusiasm for the incorporation of biomarkers into phase II
trials must be tempered by recognition of the many challenges
that can be encountered in obtaining appropriate specimens on
which to conduct the biomarker assays. Many phase II trials are
conducted in patients with advanced or recurrent disease who
may have received prior systemic treatment. From a biological
perspective, it is not clear whether the most relevant tissue
specimen to evaluate is the primary tumor or the recurrent or
metastatic lesion. The biomarker characteristics of the primary
tumor may differ from the characteristics of a metastatic or
recurrent lesion in the same patient, and the biological
characteristics of a recurrent tumor could be altered by any
systemic therapies the patient received for the original
(primary) tumor. It may be difficult to obtain suitable archived
tissue from a primary lesion that was collected years earlier and
with unknown acquisition and handling procedures. Alterna-
tively, obtaining a new sample of the metastasis or recurrence
may require an additional biopsy that could pose some risk and
discomfort to the patient. Image-based biomarkers and blood
or serum-based biomarkers would have clear advantages in this
respect, but much work remains to be done to further develop
biomarkers of this type. One should be cautious about mixing

both primary and recurrent or metastatic lesions within the
same biomarker study.

Given the difficulty in obtaining specimens, it is imperative
that specimens not be squandered on unfocused exploratory
studies or be evaluated using assays that are seriously lacking in
robustness and reproducibility. If there is substantial uncer-
tainty about the best biomarkers to examine or the most
appropriate assay methodology to use, it may be better to bank
the specimens for later study. If banking will be pursued, it is
desirable to collect, process, and store the specimens in a
prespecified and consistent way to increase the chances that the
specimens will perform well when assayed, perhaps years later.
Recommendations for collection and handling of breast cancer
specimens from clinical trials have recently been published
(37), but guidelines are lacking for many other cancer types and
guidelines may evolve as new assay technologies are intro-
duced. If consistency in specimen collection cannot be
achieved, then every effort should be made to document
whatever collection, processing, and storage methods were
used. It may be unethical to ask patients to undergo risky or
uncomfortable procedures to obtain specimens if the specimen
collection and handling procedures are not carefully controlled
and the studies using those specimens have not been designed
to answer scientifically meaningful questions.

Discussion

Over the past decade, biomarkers and targeted therapies have
been important to many of the major success stories in cancer
treatment (e.g., imatinib mesylate therapy for BCR-ABL-positive
chronic myelogenous leukemia and c-KIT-positive gastrointes-
tinal stromal tumors and trastuzumab for HER-2-positive breast
cancer). For each of these success stories, however, hundreds of
biomarker studies have been done without bearing fruit. A
common feature of the success stories is the investment that
was made early in the drug development process, including in
the preclinical phase, to develop biomarkers that would
improve the understanding of the biology of the disease and
mechanism of action of the therapeutic agent. Haphazard
inclusion of biomarkers into phase II trials is likely to be too
late and not very informative. The drug development commu-
nity will also have to accept that phase II trials may need to be
somewhat larger and more complex and more randomized
phase II trials may be needed to fully evaluate the potential of
biomarkers for their usefulness in the conduct of phase III trials
and ultimately for clinical decision-making. For example, to get
an early indication of whether a kinase inhibitor may be
effective only in patients with a mutated target, one may want
to perform a phase II study both in patients with the wild-type
target and the mutated target to assess whether there is evidence
for differential efficacy. Table 2 summarizes some suggested
principles to guide the use of biomarkers in the drug
development process. With greater investment and more
rational approaches to biomarker research in earlier stages of
drug development, greater rewards await at the end.
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